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CLAIMS 



[Claim(s)] 

[Claim l] In the fuel cell cooling water network which consists of a cooling-water-flow 
network containing a fiiel cell cooling pipe, a cooling water circulating pump, and a steam 
separator equipped with a wastewater means, and a cooling water supply network 
equipped with a cooUng water supply means to supply coohng water to this 
coohng-water-flow network The fuel cell cooUng water network characterized by arranging 
a water quality monitor means to supervise the water quality of cooling water, and 
controlling the wastewater means of said steam separator, and the cooling water supply 
means of said cooling water supply network based on the signal of this water quality 
monitor means in said cooling-water-flow network. 

[Claim 2] Said water quality monitor means is a fuel cell cooling water network according 
to claim 1 characterized by supervising pH of cooling water. 

[Claim 3] Said water quality monitor means is a fiiel cell cooling water network according 
to claim 1 characterized by supervising the conductivity of cooling water. 
[Claim 4] It is the fuel cell cooling water network according to claim 1 to 3 characterized by 
forming the water-contacting section of said fuel cell cooling water network with a 
corrosion resistance ingredient, and forming a fuel cell cooUng pipe with the ingredient 
which also has the insulating engine performance further. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the fuel cell which generates electricity 

by making fuel gas and an oxidizer react through an electrolyte. 

[0002] 

[Description of the Prior Art] The conventional fuel cell structure of a system is explained 
with reference to Fig. 2. Among drawing, in the thick continuous line, the path of cell 
cooling water and a thin continuous line show the path of fuel gas and an oxidizer, and the 
broken Une shows the path of a steam. The body 1 of a fuel cell has the structure which 
sandwiched the electroljiie plate by porous fuel electrode la and oxidizer pole lb. As an 
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electrolyte plate, poly membranes, such as what infiltrated liquid electrolytes, such as a 
potassium hydroxide, a phosphoric acid, and a melting carbonate, into the porosity matrix, 
and ceramics like fully stabilized zirconia or a fluororesin system sulfonic acid, are used. 
The air to which fuel gas, such as hydrogen, contains oxygen in oxidizer pole lb is sent into 
fuel electrode la, respectively, and the current generated when an oxidizer carries out a 
cell reaction to fuel gas through an electrolyte is taken out fi-om Electrodes la and lb by 
the external circuit. The gas which was not consumed at a reaction is discharged out of a 
system. 

[0003] Since a cell reaction is exothermic reaction, in order to control the reaction 
temperature under operation, the body 1 of a fuel cell is cooled with coohng water. The cell 
cooling water network 2 is constituted by water tank 2a, water supply condensator 2b, and 
water-treating-unit 2c, 2d of feed pumps, steam separator 2e, 2f of cell cooling water 
coolers, 2g of cooling water circulating pumps, and 2h of cell coolers. Water- treating unit 2c 
performs adjustment of pH and conductivity including ion exchange resin, a filter, a 
charcoal filter, etc. After being cooled by water supply condensator 2b to the temperature 
below the heat-resistant temperature of the ion exchange resin in water-treating-unit 2c 
and processing the cooling water led to water tank 2a from the source of water supply by 
water-treating-unit 2c, it is sent into steam separator 2e by 2d of feed pumps. After being 
cooled to predetermined temperature by 2f of cell cooling water coolers, the cell cooling 
water which became an elevated temperature here is led to 2h of body cooling pipes of a 
fuel cell by 2g of cooling water circulating pumps, and cools the body 1 of a fuel cell. The 
cell cooling water which absorbed the heat generated in the cell reaction is again led to 
steam separator 2e. In addition, the high temperature steam generated in steam separator 
2e is suppHed within and without a system. And the amount of water which decreased out 
of the cooling water network by this steam supply is supplied firom water tank 2a by 2d of 
feed pumps. 
[0004] 

[Problem(s) to be Solved by the Invention] In the cooling water network of the 
above-mentioned conventional fuel cell system, the cell cooling water firom the source of 
water supply needed to be water quality adjusted, and water supply condensator 2b which 
cools water-treating-unit 2c and water supply containing the ion exchange resin for water 
quality adjustment to the temperature below the heat-resistant temperature of ion 
exchange resin was indispensable. Consequently, the system became intricately expensive 
and there was a problem of interruption of operation accompanying the exchange by 
degradation and its exchange of ion exchange resin etc. of water treatment material 
further. 

[0005] Furthermore, even if it performs water quality adjustment of cooling water in the 
phase of water supply like the cooling water network of the conventional fuel cell system 
Between operations over a long period of time, concentration of an impurity takes place by 
taking out a steam fi-om steam separator 2e regularly. It became clear that pH and the 
conductivity of the flowing cooling water shift from a setting range, and the problem which 



2/7 



Japanese Publication number : 06-223852 A 

piping of a cooling water network corrodes or a cooling pipe blockades by deposit of the 
particle to a cooling pipe wall may produce the inside of 2h of body cooling pipes of a fuel 
cell. However, since the cooUng water network of the conventional fuel cell system did not 
have a means to control the water quality of the cooling water which is actually flowing the 
inside of 2h of body cooling pipes of a fiiel cell, it was not able to respond to a change of the 
water quality of the cooling water which is flowing the inside of a closed circuit with time. 
[0006] This invention aims at offering the cooUng water network of a fuel cell system which 
can adjust the water quality of fuel cell cooling water to the range which a problem does 
not produce in practice certainly by the easy equipment configuration in view of the trouble 
of the above-mentioned conventional technique, and can aim at mitigation of maintenance 
control. 
[0007] 

[Means for Solving the Problem] The cooling-water-flow network in which a fuel cell 
cooling pipe, a cooling water circulating pump, and a steam separator equipped with a 
wastewater means are included by the above-mentioned purpose, In the fuel cell cooling 
water network which consists of a cooling water supply network equipped with a cooling 
water supply means to supply cooling water to this cooling water-flow network A water 
quality monitor means to supervise the water quality of cooling water in a 
cooUng-water-flow network is arranged, and it is attained by controlUng the wastewater 
means of said steam separator, and the cooling water supply means of said cooling water 
supply network based on the signal of this water quality monitor means. A water quality 
monitor means may generate a signal, if pH or the conductivity of cooling water is 
measured and the time amount rate of change of the measured value or measured value 
exceeds a predetermined threshold. 

[0008] Moreover, the water-contacting section of a fuel cell cooling water network is formed 
with a corrosion resistance ingredient, and a fuel cell cooling pipe is formed with the 
ingredient which also has the insulating engine performance further. 
[0009] 

[Function] The water quality of the cooling water which circulates through the inside of the 
cooling-water-flow network containing a fuel cell cooling pipe, a cooling water circulating 
pump, and a steam separator equipped with a wastewater means is continuously 
monitored with a water quality monitor means. When a water quality monitor means 
detects the sign of water quality aggravation of cooling water, or aggravation, some cooling 
water through which it circulates is discharged from a cooHng-water flow network. Since 
the cooling water with which water quality deteriorated when only the amount 
corresponding to the discharged cooHng water supplied cooUng water in a 
cooUng-water-flow network from a cooling water supply network is permuted by fresh 
cooUng water, it can prevent that the water quaUty of the cooUng water which circulates 
through the inside of a cooling-water-flow network deteriorates. 

[00 10] Moreover, it prevents the device connected to piping of a cooling water network and 
it corroding, and worsening the water quaUty of cooUng water by being a fuel cell cooUng 
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water network, and forming the water-contacting section of the device connected to it with 
the ingredient which has corrosion resistance, and forming a fuel cell cooling pipe with the 
ingredient which also has the insulating engine performance further. Since trouble will not 
be caused to operation of a fuel cell even if it can control that it is controlled that an 
electrochemical reaction advances in the part of a cooling pipe, and the impurity in cooling 
water deposits, and a current flows [ be / it / under / cooling water / passing ] from the part 
of a cooling pipe and the conductivity of cooUng water is comparatively high if a fuel cell 
cooling pipe is constituted from an ingredient which also has the insulating engine 
performance, it is convenient. It can perform giving corrosion resistance to the 
water-contacting section of a cooling water network by performing Teflon (trademark) 
coating to piping made from stainless steel, and a fluorine compound like Teflon as a fuel 
cell cooling pipe ingredient or the silicon compound which has corrosion resistance and 
insulation can be used. 
[0011] 

[Example] One example of this invention is explained using the schematic diagram of the 
fuel cell system of Fig. 1. In Fig. 1, since the part which attached the same sign as Fig. 2 
expresses the part to which the conventional fuel cell system tree explained in Fig. 2 
corresponds, the explanation about them is omitted and only the cooling water network 
which differs in a conventional fuel cell system and a conventional configuration will be 
explained here. 

[0012] The fuel cell cooling water network consists of a cooling- water-flow network which 
consists of steam separator 2e which has a drain, 2f of cell cooUng water coolers, water 
quality supervisory equipment 2i, 2g of cooUng water circulating pumps, and 2h of fiiel cell 
cooUng pipes, and a cooling water supply network which consists of source of water supply, 
and water tank 2a, and 2d of feed pumps, and supplies cooling water to steam separator 2e 
in said cooling" water-flow network. Between the drain outlet of steam separator 2e in a 
cooUng-water-flow network and the source of water supply of a cooling water supply 
network, and water tank 2a, control valves 2k and 2j are formed, respectively. 
[0013] The cell cooling water from the source of water supply is led to water tank 2a, and is 
further sent into steam separator 2e by 2d of feed pumps. After being cooled by suitable 
temperature by 2f of cell cooling water coolers, the cell cooling water which became an 
elevated temperature here is led to 2h of body cooling pipes of a fuel cell by 2g of cooling 
water circulating pumps, and cools the body 1 of a fuel cell. The body 1 of a fuel cell is 
passed, and the coohng water used as an elevated temperature is again led to steam 
separator 2e, and circulates through the inside of said cooling-water-flow network. In 
addition, the high temperature steam generated in steam separator 2e is supplied within 
and without a system, and use is presented with it. 

[0014] Water quality supervisory equipment 2i prepared between 2f of cell cooling water 
coolers and 2g of cooling water circulating pumps acts as the monitor of the water quality 
of the cooling water in a cell cooling-water-flow network. This water quality monitor means 
may generate a signal, if pH or the conductivity of cooling water is measured and the time 
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amount rate of change of that measured value or measured value exceeds a predetermined 
threshold, and as a measurement means, a known pH meter and a known conductivity 
meter can be used for it. When a pH meter is adopted as a measurement means, pH of 
coohng water separates from the range of 4-8, a water quality aggravation signal is 
generated, a conductivity meter is adopted and the conductivity of cooling water exceeds 
for example, 6microS/cm, a water quality aggravation signal is generated. Or it acts as the 
monitor of pH or the conductivity of cooling water with time, and when the occurrence in 
the condition that the condition that the value of pH separates from the range of 4-8, 
considering the aging, or conductivity exceeds 6microS/cm is expected, you may make it 
generate a water quality aggravation signal. In addition, it does not pass over the 
threshold of pH mentioned here and conductivity to instantiation to the last, but the 
numeric value is the thing of the property which this contractor can set up suitably in the 
design of a concrete fuel cell system. 

[0015] While 2d of feed pumps prepared in water supply Rhine operates, solenoid-valve 2k 
prepared in the drain line of steam separator 2e will be opened, and if a water quality 
aggravation signal is generated from water quahty supervisory equipment 2i, water 
quality adjustment of some cooling water in a cooling-water-flow network will be 
automatically carried out by being exchanged for the cooling water from the source of 
water supply so that the cooling water in a cooling-water-flow network may become a value 
predetermined in the pH or conductivity. In addition, 2h of water quality supervisory 
equipment can also be prepared between 2g of cooling water circulating pumps, and 2h of 
body cooling pipes of a fuel cell. 

[0016] pH and the conductivity in a cell cooling water network can be examined as foUows. 
now and an FO [l/h]:water-supply-amounts F2 [l/h]:drain -- amount of water -- the total 
high impurity concentration C under CO [eq/h]:water supply High impurity concentration 
V in [eq/h]*ceU cooling water [ 1[ U'cell coohng water network content volume T 
[ h[ ]] 'operation time CT • Change of a constant term, then the high impurity concentration 
in a cell cooling-water-flow network can be approximated by the following (l) formula. 
[0017] 

[0018] (1) It is [0019] when a formula is solved. 
[0020] Therefore, [0021] 

[0022] Since it is C= 0 [eq/l] at the time of T= 0 [h], it is [0023]. 
[0024] This is substituted for (2) types and it is [0025]. 
[0026] Therefore, [0027] 

[0028] Therefore, the high impurity concentration C in cell cooling water is [0029]. 
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[0030] It becomes. Solenoid-valve 2k and 2d of feed pumps are automatically controlled by 
the signal from water quality supervisory equipment 2i, total cation and total anion 
concentration in the cell cooling water when exchanging the cooUng water in a 
cooling-water-flow network for the cooling water from the source of water supply at a rate 
of F2 [1/h] are computed by (l) - (3) type, and aging of pH and conductivity is examined 
from this result. 

[0031] Drawing 3 is drawing showing the total cation in cell cooling water, and aging of the 
total anion concentration, and operation time is taken along an axis of abscissa, and it has 
taken concentration along the axis of ordinate. In not performing water quality 
management of coohng water, it originates in an impurity mainly being condensed by the 
ejection of the steam from steam separator 2e in cooling water during operation of a fuel 
cell, and as a broken line shows to drawing 3 , the total cation and the total anion 
concentration in cell cooUng water increase linearly, in connection with it, a broken line 
also shows pH and the conductivity of cell cooling water to drawing 4 and drawing 5 as 
linear - changing - just " being alike - the situation which trouble produces is invited to 
operation of a fuel cell. 

[0032] On the other hand, when the conductivity of the cooling water for example, in a 
cooling-water-flow network is monitored continuously and the value is set to 5.0 by water 
quality supervisory equipment 2i according to this invention, a water quality aggravation 
signal is generated. By opening solenoid -valve 2k prepared in the drain line of steam 
separator 2e while operating 2d of feed pumps prepared in water supply Rhine When the 
cooling water in a cooling-water-flow network was exchanged for the fresh cooling water 
from the source of water supply at a rate of 201./h, as shown in drawing 5 , the conductivity 
of cooling water reached the balance near 5.6microS/cm about 100 hours after the start up. 
At this time, it was admitted that the increment was suppressed as a continuous line 
shows the total cation and the total anion concentration in coohng water to drawing 3 . pH 
had also reached the balance in the 4.5 neighborhoods in about 60 hours after a start up, as 
a continuous line showed to drawing 4 . 

[0033] Although the flow rate of the cooling water which sets the threshold of the 
conductivity which generates a water quality aggravation signal as a value lower than a 
balanced value, and is exchanged was set up uniformly and water quality control was 
performed in this example, it is also possible to perform feedback control so that it may 
balance with the value which inputted the conductivity measurement signal and threshold 
signal of coohng water into the error amplifier, for example, and the conductivity of cooling 
water set up. Moreover, the rate of change can be supervised with the value of conductivity, 
the flow rate of cooUng water exchange can be increased [ when it is judged that the cooling 
water in a cooling-water-flow network is getting worse rapidly, before reaching the 
threshold to which the value of conductivity was set, coohng water exchange can be started, 
or ], and it can also be made to correspond to an abrupt change. 

[0034] In addition, the same result is obtained even if pH of cooling water performs a water 
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quality monitor and control of cooling water. Since the cell cooler consists of the quality of 
the materials also with insulating engine performance like a fluororesin compound like 
Teflon, or a silicon compound again in the quality of the material which has corrosion 
resistance like Teflon and the water-contacting section the device used for a cell cooling 
water system and for equipments is suppressing water pollution and conductivity to the 
minimum, there is no fuel cell operation top problem. 
[0035] 

[Effect of the Invention] Since the water treating unit which contains the ion exchange 
resin needed conventionally in the fiiel cell which fuel gas and an oxidizer are made to 
react and is generated becomes unnecessary according to this invention, an equipment 
configuration becomes very easy. Moreover, the need for a maintenance service called 
playback and exchange of ion exchange resin is also lost. Furthermore, since the water 
quality of actual cooling water is monitored continuously and water quality management is 
performed, even if the impurity in cooling water is condensed and cooling water water 
quality deteriorates by taking out a steam firom a steam separator during operation of a 
fuel cell, the change can be coped with immediately. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l1 The schematic diagram of the fuel cell system by this invention. 

[Drawing 2l The schematic diagram of the conventional fuel cell system. 

[Drawing 3l Drawing showing aging of the total cation and total anion concentration in cell 

cooling water. 

[Drawing 4l Drawing showing aging of pH of cell cooling water. 

[Drawing 5] Drawing showing aging of the conductivity of cell cooUng water. 

[Description of Notations] 

IBody of Fuel CeU 

la Fuel electrode 

lb Oxidizer pole 

2 Cell Cooling Water System 

2a Water tank 

2b Water supply condensator 

2c Water treating unit 

2d Feed pump 

2e Steam separator 

2f Cell cooling water cooler 

2g Cooling water circulating pump 

2h Body cooling pipe of a fuel cell 

2i Water quality supervisory equipment 
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